A trial fibrillation (AF) is the most common sustained arrhythmia and a powerful risk factor for stroke.
A trial fibrillation (AF) is the most common sustained arrhythmia and a powerful risk factor for stroke. 1 AF can be paroxysmal and may remain undiagnosed for long time (silent AF) until a stroke event occurs. 1 Therefore, screening for AF is recommended in the elderly using ECG or pulse palpation, yet the latter has moderate diagnostic accuracy and both often miss paroxysmal AF. [1] [2] [3] [4] As screening at a single time point may not be an effective strategy for preventing AF-related stroke, recent guidelines support prolonged monitoring for the detection of paroxysmal AF in high-risk patients such as those with stroke. 1 The vast majority of AF patients are hypertensives, as both conditions are common in the elderly and hypertension is a significant risk factor for AF. 5 Thus, opportunistic screening for AF during routine blood pressure (BP) measurement has considerable potential for early detection of asymptomatic AF in the elderly. For this purpose, an automated oscillometric BP monitor equipped with an algorithm specific for AF detection during automated BP measurement (Microlife Afib; Microlife AG, Widnau, Switzerland) has been developed. [6] [7] [8] A meta-analysis of 6 studies (n=2332) assessing the diagnostic accuracy of this algorithm during BP measurement showed pooled sensitivity 0.98 and specificity 0.92. 7 In 2013, the UK National Institute for Health and Care Excellence recommended the Microlife Afib BP monitor for opportunistic AF screening during routine office BP measurement in primary care in the elderly (≥65 years). 9 Ambulatory BP monitoring (ABPM) is currently regarded as the most accurate method for hypertension diagnosis. [10] [11] [12] [13] Several organizations recommend ABPM to be offered to confirm diagnosis in most or all subjects with suspected hypertension. [10] [11] [12] [13] [14] A novel ABPM device (Microlife WatchBP O3 Afib; Microlife AG, Widnau, Switzerland) with implemented algorithm for automated AF detection during each BP measurement has been developed. This study assessed the diagnostic accuracy of this device for AF detection versus reference 24-hour ECG during routine 24-hour ABPM in elderly hypertensives.
Participants
This cross-sectional study enrolled subjects referred to a Hypertension Clinic for the assessment of their BP, treated or untreated for hypertension. Subjects aged ≥65 years, or aged 50 to 64 years with symptoms suggesting arrhythmias or with stroke or AF history, were also included. All subjects had clinical indication for ABPM, either for confirming the diagnosis of hypertension in untreated subjects or for the assessment of BP control in treated ones (exclusion of white-coat or masked uncontrolled hypertension phenomena). Subjects with pacemaker implantation were excluded. The study protocol was approved by the hospital scientific committee, and all participants provided signed informed consent.
Twenty-Four-Hour ABPM and Holter Monitoring
All participants were subjected to simultaneous 24-hour ABPM and 24-hour Holter monitoring on a routine workday. ABPM was performed using the validated oscillometric device Microlife WatchBP O3 Afib with measurements programmed at 20-minute intervals for 24 hours. 15, 16 This device has an implemented algorithm for automated AF detection during each BP measurement. The presence of AF is depicted in the ABPM report with a symbol D next to BP readings when AF is detected, and the total number of BP readings with AF detection is reported ( Figure S1 in the online-only Data Supplement). The performance and quality of the ABPM recording is not affected in any way by the AF detection function. The AF detector functions as follows: the device measures the last 10 pulse intervals during cuff deflation and calculates the mean and SD of the time intervals. Each of the 10 pulse beat intervals that is 25% longer or 25% shorter than the mean time interval is discarded, to reduce the effect of premature beats. The remaining time intervals are used to calculate the irregularity index, defined as the SD divided by the mean of the time intervals. 6 If the irregularity index exceeds a threshold value of 0.06, an AF symbol is ascribed indicating that the patient has AF. 6 Subjects were instructed to perform their usual daily activities but remain still with their arm extended and relaxed during each BP measurement. Day and night periods were defined according to the individual patients' diaries.
The SpiderView (ELA Medical, Sorin Group) multichannel system recorder was used for 24-hour Holter monitoring which was performed simultaneously with 24-hour ABPM. Time was synchronized in the 2 devices before each application. A cardiologist (P.K. or A.D.) assessed the recordings using the EasyScope Multiday ELA Medical software. Artifacts, falsely interpreted as ectopic beats, were subtracted from the ECG report when calculating the number of ectopic beats. Criteria for abnormal 24-hour ECG recording were the following: flutter or AF episode of any duration; supraventricular or ventricular ectopic beats >720/24 hours; supraventricular couplets ≥50/24 hours; supraventricular or ventricular bigeminy ≥50/24 hours; supraventricular runs ≥20/24 hours or ≥10 beats/run; ventricular tachycardia of any duration; sinus pause >3 s; and second-or third-degree atrioventricular block. These criteria were selected to include all clinically important and potentially hazardous arrhythmias, as well as arrhythmias that increase the risk of AF and stroke.
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Statistical Analysis
A reading-to-reading analysis of all 24-hour ABPM values obtained in each patient was performed versus the corresponding simultaneous 24-hour ECG recording (the latter was assessed 1 minute before, during, and 1 minute after each ABPM reading for the presence of AF, other arrhythmias, or artifacts). The sensitivity, specificity, and accuracy of the ABPM device for AF detection (exact Clopper-Pearson confidence intervals [CI] were used) were determined based on trueand false-positive and true-and false-negative AF ABPM readings using the MedCalc statistical software (MedCalc Software bvba, Ostend, Belgium; https://www.medcalc.org; 2018). For an estimated prevalence of AF readings around 10%, a minimum sample size of 2310 readings (including 231 with AF) would be required to achieve a minimum power of 80% to detect a change in the percentage value of sensitivity from 80% to 90%, based on a target significance level of 0.05. 21 This minimum sample size would also be sufficient to detect a change in the value of specificity from 80% to 90%. 21 A sequential analysis by Bayes theorem for estimating post-test likelihood of AF detection using the pretest likelihood of AF was performed. 22 Mann-Whitney or Kruskal-Wallis test was used for comparisons among 2 or 3 groups, respectively. χ 2 test was applied for comparing percentages among groups. Spearman correlation coefficient (r) was determined for assessing the relationship between the percentage of premature ectopic beats and that of false-positive AF readings. Receiver operating characteristic (ROC) curve analyses were performed for defining the optimal threshold of the percentage of 24-hour AF ABPM readings required to identify accurately: (1) permanent or paroxysmal AF, and (2) any ECG abnormality deserving referral to cardiologist. The percentage threshold of positive AF ABPM readings was defined as the cutoff point having the highest Youden index (sensitivity+specificity−1). 23 Results are expressed as mean values with SD. Statistical analysis was performed using the IBM SPSS Statistics (Version 21.0. Armonk; NY IBM Corp). A P value less than 0.05 was considered statistically significant.
Results
Subjects' Characteristics
A total of 101 subjects were screened and one was excluded because of implanted pacemaker. Thus, 100 subjects participated and were finally included in the analysis, the characteristics of whom are presented in Table 1 . According to the 24-hour Holter monitoring reports, 44 subjects had sinus rhythm (without clinically important arrhythmias), 17 participants had permanent AF, 4 paroxysmal AF (at least 1 AF episode lasting >30 s), and the rest had other arrhythmias (Table S1 ). From the total sample of 6410 ABPM readings, the number of readings with true-positive AF detection was 1013 (15.8%) and true-negative AF detection was 4609 (71.9%), implying correct AF detection in 5622 ABPM readings (87.7%). On the other hand, the number of ABPM readings with false-positive AF detection was 710 (11.1%) and with false-negative AF detection was 78 (1.2%), implying incorrect AF detection in 788 ABPM readings (12.3%). On the basis of these findings, the sensitivity of individual ABPM readings in detecting AF during 24-hour monitoring was 93% (95% CI, 91%-94%), the specificity 87% (95% CI, 86%-88%), and the accuracy 88% (95% CI, 87%-89%) (Figure 1) . A sequential Bayesian analysis examining the effect of the prevalence of AF on the post-test probability is shown in Figure S2 . Subanalyses on the diagnostic accuracy of the test device based on age or BP status are shown in Table S2 .
In non-AF subjects, 12.8% of the ABPM readings showed false-positive AF detection. Among these readings, 27% were performed during supraventricular premature beats, 6% during ventricular premature beats, and 14% during physical activity indicated by artifacts in ECG report. There was strong association between the frequency (%) of AF false-positive ABPM readings during 24-hour monitoring and the frequency of supraventricular premature beats in 24-hour ECG (r=0.67; P<0.001; Figure 2 ). Moreover, there was a borderline association of the CHA 2 DS 2 -VASc score (CHADS indicates congestive heart failure, hypertension, age, diabetes, stroke; and VASc, vascular disease, age, sex) with the frequency of supraventricular premature beats (r=0.22; P=0.05) and that of falsepositive AF readings (r=0.20; P=0.07).
Because a considerable percentage of false-positive AF ABPM readings was observed during physical activity (artifacts in monitoring), separate sensitivity analyses were performed for daytime (awake) and night-time (asleep) periods. The sensitivity, specificity, and accuracy for daytime ABPM were 92% (95% CI, 89%-94%), 86% (95% CI, 85%-87%), and 87% (95% CI, 86%-88%), respectively, and for night-time 95% (95% CI, 92%-97%), 88% (95% CI, 86%-89%) and 89% (95% CI, 88%-90%; P=NS for daytime versus night-time comparisons). The percentage of AF-positive ABPM readings did not differ between daytime and night-time period (28.3±32.6% versus 27.6±34.9%, respectively; P=NS).
AF Diagnostic Accuracy of 24-Hour ABPM Recordings
The average percentage of 24-hour AF-positive ABPM readings per subject in non-AF, paroxysmal AF, and permanent AF subjects was 13.4%, 41.5%, and 92.8%, respectively (Table 2) .
In the total sample, the ROC curve (area under the curve 1.00; 95% CI, 1.00-1.00) revealed a percentage of 79% AF-positive ABPM readings per subject to have sensitivity 100% and specificity 100% for identifying permanent AF.
In paroxysmal AF and non-AF subjects, the ROC curve (area under the curve 0.91; 95% CI, 0.83-0.99) revealed a percentage of 26% AF-positive ABPM readings per subject to have sensitivity 100% and specificity 85% (highest Youden index) for identifying paroxysmal AF (AF episodes with duration >30 s) in 24-hour ECG recording ( Figure 3A) .
In paroxysmal AF and non-AF subjects, the ROC curve (area under the curve 0.83; 95% CI, 0.69-0.97) revealed a percentage of 15% AF-positive ABPM readings per subject to have sensitivity 90% and specificity 77% for the identification of AF episodes (of any duration) in 24-hour ECG recording ( Figure 3B ).
Among non-AF subjects (n=79), 35 had an abnormal 24-hour ECG recording (Table S1 ). In these subjects, the ROC curve (area under the curve 0.72; 95% CI, 0.61-0.84) revealed a percentage of 11% false-positive AF readings per subject to have sensitivity 79% and specificity 71% for identifying any abnormality in 24-hour ECG recording (mainly increased supraventricular ectopic activity). When the abovementioned analysis was restricted in non-AF subjects with CHA 2 DS 2 -VASc score ≥4 (n=26), the ROC curve again revealed a percentage of 11% false-positive AF readings per subject for identifying any abnormality in 24-hour ECG recording, but with sensitivity 79% and specificity 92% (area under the curve 0.83; 95% CI, 0.66-0.99).
On the basis of the abovementioned ROC curve analyses, a recommendation could be proposed for a threshold value at which referral to a cardiologist is justified (Table 3) .
Discussion
This study provides the first evidence on the accuracy of a novel 24-hour ABPM device in detecting AF during routine use for the evaluation of hypertension in the elderly. The main findings are that (1) the device has high sensitivity but moderate specificity in detecting AF, (2) a considerable proportion of individual BP readings with false-positive AF detection is because of premature beats, especially supraventricular, and (3) in subjects without permanent AF, a percentage of AF readings ≥26% has high probability to indicate the presence of paroxysmal AF.
Strategies aiming at effective screening for AF are expected to contribute considerably in early AF detection and management and thereby efficient stroke prevention. These data suggest that AF detection using a novel ABPM device is feasible in elderly hypertensives and has high sensitivity in detecting AF. Because ABPM is now regarded as the reference tool for confirming hypertension diagnosis and is increasingly used in clinical practice, 10-14 these findings have considerable potential for clinical application. Indeed, ABPM offers the opportunity of repeated evaluations for AF during the entire 24-hour period, which might prove particularly useful in detecting paroxysmal AF. However, the specificity of the ABPM device in detecting AF was moderate with a considerable proportion of false-positive AF readings, mainly attributed to the presence of excessive supraventricular ectopic activity. Indeed, a significant association was found between the frequency of supraventricular ectopic beats and that of false-positive AF detection. It should be noted, however, that excessive supraventricular ectopic activity has been linked not only to future risk of AF but also to cardiovascular outcome and mortality. [18] [19] [20] [24] [25] [26] The average percentage of AF-positive ABPM readings was consistently increased across non-AF, paroxysmal AF, and permanent AF subjects, respectively. A ROC curve analysis in non-AF and paroxysmal AF subjects revealed a percentage of 26% AF-positive ABPM readings as optimal threshold for identifying paroxysmal AF, and a 15% AF-positive ABPM readings as optimal threshold for identifying any AF episode (in non-AF subjects this percentage was mainly because of supraventricular ectopic activity which often coexists with AF episodes <30 s). Thus, a threshold at 26% could be set for identifying paroxysmal AF, whereas a lower threshold (15%) might be suggested for screening high-risk subjects (high CHA 2 DS 2 -VASc score). Moreover, in non-AF subjects, a percentage of AF readings ≥11% was accompanied by a high probability of an abnormal ECG report, which was mostly because of excessive supraventricular ectopic activity. The specificity of the latter analysis was increased when applied in subjects with high CHA 2 DS 2 -VASc score. A previous study showed excessive supraventricular ectopic activity and a high CHADS 2 score to independently and synergistically predict the first appearance of AF in patients in sinus rhythm, indicating a ≈10-fold higher risk. 27 Thus, despite the moderate specificity of the ABPM device for AF detection, when considering the collateral detection of other significant arrhythmias-especially excessive supraventricular ectopic activity-it might prove a useful screening tool during routine ABPM use for hypertension evaluation in the elderly. Several factors might affect the diagnostic accuracy of the test device when applied in clinical practice. The prevalence of AF in the studied population certainly is an important determining factor, as suggested by Bayesian analysis for clinical diagnosis ( Figure S2 ). In this study, subanalyses showed better specificity and accuracy in the younger group (aged 50-64 years) compared with those aged ≥65 years, but this might be related to the lower prevalence of AF and ectopic activity in the former group. Another interesting finding in this study is that routine daily physical activity might, at least partly, affect the diagnostic accuracy of the ABPM device for AF detection. Indeed, the values of sensitivity, specificity, and accuracy tended to be slightly, but nonsignificantly, higher for the nighttime than the daytime period, and a considerable proportion of false-positive AF readings was observed during activity as indicated by the presence of artifacts in the ECG recording.
The findings of the present study should be interpreted by taking into account some limitations. First, this was a crosssectional study in a selected sample of elderly subjects, most of whom had hypertension. However, this is the population that has indication for both 24-hour ABPM and AF screening. Second, few cases with paroxysmal AF were included, which probably is the most attractive target group for applying this technology. Third, in the absence of guidelines on the definition of ECG excessive ectopic activity, this was derived from published outcome studies. [18] [19] [20] Fourth, the considerable percentage of false-positive results might lead to unjustified referral for 24-hour Holter monitoring. However, this may not necessarily be a major disadvantage because a large proportion of false-positive readings are because of excessive supraventricular ectopic activity, which by itself might be a precursor of AF.
Perspectives
In conclusion, this study provided the first evidence on the diagnostic accuracy of AF detection during routine 24-hour ABPM in elderly hypertensives. The diagnostic accuracy of this novel technology seems to be reasonable with high sensitivity and moderate specificity. A high frequency of AF false-positive ABPM readings might be because of excessive supraventricular ectopic activity, which however confers high risk for future AF. Further research is needed to confirm these findings in other populations with lower AF prevalence and define the optimal diagnostic approach for clinical implementation of AF screening during routine 24-hour ABPM in the elderly.
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